Human isonudeotidases were separated by electrophoresis on a cellulose acetate membrane. Three 5'-nudeolidase forms, NTP1, NTP2, and NTP3, were resolved with this method and quantified by densitometry. The procedurewas not only simple and rapid but also sufficiently precise (between-run CV <20%) and sensitive (detected nudeotidase fractions of >0.5 U/L). The effects of various treatments (heat, neuraminidase,glycosidases, proteases, lectins,and detergents) on the electrophoretic patternof 5'-nucleotidase were studied. NTP1 (mean 12% of total 5'-nucleotidase,SD 5%), NTP2 (mean 30%, SD 8%), and NTP3 (mean 58%, SD 8%) were foundinall normal persons studied. The increase in total 5'-nudeotidase in patients with hepatobiliarydisease was manly due to the NTP1 isoform.
Dixon and Purdom (6) first observed that serum 5'-nudeotidase was clinically useful for differential diagnosis of hepatobiliary and osseous diseases, the enzyme activity being increased only in hepatobiliary diseases. This finding was later confirmed by several authors (7) (8) (9) (10) (11) . Increased 5'-nucleotidase activity in the serum of patients with hepatobiliary disease seems to be due to the presence of at least two forms of the enzyme, distinguishable by molecular mass (12, 13), global molecular charge (14, 15), reactivity with specific antisera (13), and response to inhibitors (13). Because increases in isoenzymes nearly always provide diagnostic information that is more specific than the total concentration of the enzyme, some of the differentiating criteria could be the starting point of a study of more-specific laboratory tests to improve specificity in diagnosing and monitoring different hepat.obiliaiy diseases. I have developed here a simplified electrophoretic method to separate and quantiiy the pattern of multiple forms of human 5'-nucleotidase and to evaluate preliminarily whether this test has clinical value for evaluating patients with liver disease.
MaterIals and Methods

Analytical Procedures
Measurement of total 5'-nucleotidase. Lectin specific for N-acetylglucosamine (wheat-germ lectin from Triticum vulgaris; Sigma) was prepared in distified water (5 gIL). I mixed 100 p1 of the lectin solution with 100 pL of serum sample. This mixture was incubated for 30 min at room temperature and centrifuged (4000g) for 15 min. The supernate, removed by aspiration, and the precipitate, resuspended in 200 p1 of isotonic saline, were then electrophoresed.
For the lectin affinity electrophoresis, I modified the electrophoretic procedure described above by including wheatgerm lectin, 50 mgfL, in the buffer used to soak the cellulose acetate membrane before electrophoresis (18). For papain hydrolysis, I added a suspension containing 30 g of papain (EC 3.4.22.2; Sigma) per liter of 5 mmol/L HEPES buffer, pH 7.4, to an equal volume of the serum sample and incubated the mixture overnight at 37#{176}C. Samples were also incubated overnight at 37#{176}C with bromelain (EC 3.4.22.4; Sigma), 10 g/L in Tris-HC1 buffer, 0.02 mol/L, pH 7.6. For comparison, serum samples were incubated under identical conditions but with omission of the proteases.
The effect of Triton X-100 [polyoxyethylene glycol (9-10)p-isooctylphenyl ether; Technicon Chemical Co., Tournai, Belgiumi was assessed by incubating serum samples in an equivolume ratio with a 10 mL/L solution of the surfactant in 0.15 mol/L NaCl for 24 h at 4#{176}C before electrophoresis.
Serum extraction with n-butanol was performed according to Crofton and Smith (12). I precipitated the p-lipoproteins from serum with polyethylene glycol 6000, final concentration 100 g/L (19). Lipoprotein-X was separated from other serum lipoprotein particles as previously described (20).
Samples
Solid tissues. Normal tissue specimens were obtained at surgery from nondiseased tissues resected dose to the primary lesion, except that placenta was collected at delivery from a normal pregnancy.
These specimens were used fresh, with no preservatives or fixatives added. The treatment procedure of tissue specimens involved the preparation of a crude homogenate fraction and further solubilization with Triton X-100. After the wet weight was determined, the tissue was homogenized in 25 mmol/L phosphate buffer, pH 7.4. The amount of buffer was adjusted to contain 1 g of tissue per milliliter. The homogenates were centrifuged at 18 000g and 4#{176}C for 30 min. The supernatant solutions were assayed for total 5'-nudeotidase activity, stored at -20#{176}C, and thawed just before electrophoresis.
At this time, further solubilization was performed, with 50 milL Triton X-100 in 0.15 mol/L NaC1. The supernates were incubated with an equal volume of this solution overnight at 4#{176}C and then electrophoresed. The 5'-nudeotidase activity in the tissue extracts was expressed as U/g of tissue (wet wtj. To investigate the effect of n-butanol, I also extracted the tissues by a modification of Morton's butanol procedure with the lowest Arabic numeric sufllx i.e., the anodal to cathodal migrating 5'-nucleotidase forms are referred to as follows: NTP1, NTP2, and NTP3. The resolution of the bands was less than complete, but was the best that can be obtained. Attempts to get better resolution of the bands, e.g., with longer electrophoresis time, were unsuccessful. The mannose-specific lectin concanavalin A, which completely inhibits total 5'-nucleotidase activity in serum (22), also caused the total disappearance of the three electrophoretic bands. Again, the substrate analog a, -methyleneadenosine 5'-diphosphate, a powerful inhibitor of 5'-nudeotidase activity (13, 22), significantly reduced the intensity of all three bands after electrophoresis.
No interference by albumin was observed in the described method. In sera with bilirubin values >100 mgfL, a yellow fluorescent band appeared with greater electrophoretic mobility than all the other fractions, i.e., in the albumin region of serum proteins. A similar band also appeared in bilirubin solutions with no 5'-nudeotidase activity. 38. cally and used to compute the mean and SD activity concentration for each fraction in each dilution. With 2-p1 samples, the densitometric response becomes nonlinear above 0.6 serum dilution (total nucleotidase activity, -28 U/L) (Fig. 2) . Above this concentration, the major fraction, NTP3, apparently diminishes in proportion to the minor fraction, NTP2.
To establish the detection limit of the method, I prepared a dilution series by diluting a specimen containing normal nucleotidase activity (5 UIL) with heat-inactivated serum and then assayed each dilution by electrophoresis.
The least value for each 5'-nucleotidase form that could be distinguished densitometrically from zero was 0.5 UIL.
Precision. Precision studies involving human sera with normal, borderline, and abnormal 5'-nucleotidase activities are shown in Table 1 . Within-run precision The isonucleotidase pattern remained unchanged at 25#{176}C for at least 24 h and at 4#{176}C for at least 4 days. When stored at -20#{176}C, the 5'-nucleotidase bands were stable for at least 4 months.
Effects of Various Treatments
Heat inactivation.
The results of heat-inactivation experiments on serum samples are shown in Fig. 3 . The inactivation curves obtained were monoexponential for NTP2 and NTP3 but appeared to be biexponential for NTP1. Overall, NTP3 was more heat-labile than the other forms.
Neuraminidase. Fig. 4 NTP1, however, was recoverable from the lectin precipitates where the electrophoretograms showed marked staining at the origin, indicating that NTP1 fraction was bound and precipitated by wheat-germ lectin. To confirm this finding, I also eluted 5'-nucleotidase from the precipitates by adding 200 pL of N-acetylglucosamine (Sigma), 45 mmolIL in isotonic saline, and I found that the precipitated NTP1 from serum was fully unbound and solubilized by this concentration of N-acetylglucosamine.
Affinity electropho-
resis, in the presence of wheat-germ lectin, selectively retarded the NTP1 fraction to a point slightly anodal to the application point, with no change in NTP2 and NTP3 fractions.
Proteases. Papain and bromelain partially inhibited total 5'-nucleotidase activity in serum, decreasing recovery by 14% ± 4% (mean inhibition ± SD of four different determinations)
in comparison with controls.
Pretreatment with proteases retarded the NTP2 band to the NTP3 position without affecting the mobility of NTP1 and NTP3 bands; this suggests that the latter might be a modified form of NTP2 enzyme.
Triton X-100. When I compared detergent-treated sera with control samples after electrophoresis, I found that the surfactant had altered the mobility of NTP1 to the position of NTP2, whereas NTP3 was unchanged; the total activity was also unchanged.
Thus, the serum 5'-nucleotidase sol- Triton-treated homogenate, (C) butanol-extracted homogenate.
To eliminateinconstancy of theelectrophoresis in eachrun, the same human serum was Included as reference. The arnw Indicatesthedeposition pointand the anode is to the left. The densitometer performs an automatic scaling and an auto-zero for oath sample scanned. The points of highest and lowest absorbance were considered as 100% and 0%, respectively, in the relative scale. However, this means that the areas of the correspondingfractions from differentsamplescannot be compared. 
5'-Nucieotidase Patterns in Tissues
lsonucieotidasePatterns in Healthy Subjects
In the 141 normal persons tested, 5'-nucleotidase values in serum were 8 Ti/L (mean 3.8 UJL, SD 1.6 U/L). I found NTP1 (mean 12%, SD 5%), NTP2 (mean 30%, SD 8%), and NTP3 (mean 58%, SD 8%) forms in all subjects.
Clinical Studies
To make a preliminary determination of the clinical usefulness of the proposed procedure, I studied 69 subjects with various hepatobiliary diseases. As shown in Table 3 , NTPI increased substantially in liver disease, showing that the increase in total 5 '-nucleotidase activity found in these patients is mainly from this form. These data agree with those recently published by Novo and Tutor (32), who found increased percentages of a1-migrating nucleotidase in patients with cholestatic disorders, and by Massoubre et al. (33), who described an increased binding of 5'-nucleotidase to wheat-germ lectin in patients with hepatoma and liver metastases. According to my experimental results (see below), NTP1 is the only nucleotidase form bound by this agglutinin; consequently, the increase in NTP1 activity I found in this group of patients can explain the increased lectin binding reported by these authors. Table 4 shows the values for several analytes in eight samples from patient 1 (five samples before surgical drainage and three samples postdrainage) and in three samples from patient 2 obtained just before death. In patient 1, both total 5'-nucleotidase activity and NTP1 were high before surgery.
Immediately after drainage of the biliary tree, total activity returned to a normal value, whereas the NTP1 percentage decreased more slowly with a simultaneous relative increase of NTP2. In patient 2 the NTP1 percentage was dramatically increased a few days before death; conversely, the final progression of the disease was accompanied by a decrease in serum total nucleotidase activity.
In conclusion, this method for electrophoresis with cellulose acetate membranes is rapid and gives high resolution of 5'-nucleotidase forms from biological extracts and human sera. The data reported clearly show that 5'-nudeotidase can be resolved into three separate bands and preliminarily support nucleotidase fractionation as a good test for evaluating patients with suspected cholestatic disorders, However, the number of patients studied was small and a larger clinical evaluation will be necessary.
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